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A B S T R A C T
Objective: To assess the association between fetal size and the incidence of reduced short-term variability
(STV) following bethametasone administration for fetal lung maturity.
Study design: This was a retrospective, multicenter, cohort study conducted in two Tertiary University
Units. Only uncomplicated singleton pregnancies admitted for threatened preterm labor between 26 and
34 weeks and submitted to betamethasone for fetal lung maturity were included. Delivery occurring
within 72 h from betamethasone administration represented criteria for exclusion. Computerized
cardiotocography was carried out on a daily basis. Cases were identiﬁed by persistently reduced STV,
deﬁned as <5th percentile for gestational age and lasting for at least 72 h after the ﬁrst dose of
betamethasone. The primary outcome was estimated fetal weight (EFW) at ultrasound in fetuses with
normal and in those with persistently reduced STV. Pregnancy outcomes were also evaluated.
Results: Persistently reduced STV occurred in 33/405 of the included patients (8.1%). Compared to women
with normal STV, those with persistently reduced STV had signiﬁcantly lower EFW (1472  435 vs
1812  532 g, p 0.04), lower birthweight (2353  635 vs 2857  796 g, p < 0.01) and earlier gestational age
at delivery (35.1  4.2 vs 37.3  2.4 weeks, p < 0.01), whereas all the other variables including gestational
age on admission were comparable.
Conclusions: Reduced STV following maternal betamethasone administration among appropriately
grown fetuses seems to correlate with lower fetal size. Furthermore, fetuses with such abnormal
response to steroids seem to carry a higher risk of perinatal complications, including lower birthweight
and earlier gestational age at delivery.
© 2017 Published by Elsevier Ireland Ltd.
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A course of antenatal steroids between 24 weeks and 34
weeks + 6 days is universally recommended in pregnant women at
risk for impending delivery as it has been consistently demon-
strated to decrease the occurrence of perinatal mortality and
morbidity in preterm infants [1,2].
Betamethasone (BMT) has shown to produce some transient
effects including a reduction in body and breathing movements
and a decrease in the short-term variability (STV) observed with
computerized cardiotocography (cCTG) [3–7]. In a small propor-
tion of cases such profound depressive effects on the fetal heart* Corresponding author at: Department of Obstetrics and Gynecology, University
of Parma, Via Antonio Gramsci 14, 43126 Parma, Italy.
E-mail address: tullio.ghi@unipr.it (T. Ghi).
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0301-2115/© 2017 Published by Elsevier Ireland Ltd.rate variability may persist up to 3 days after its administration [4],
leading to inappropriate clinical decisions if they are misinter-
preted as a sign of brain hypoxia.
It is still unclear why only some fetuses exhibit a reduced heart
rate variability following steroids administration [6].
The aim of this study was two-fold: to assess the incidence of
reduced STV following BMT administration for fetal lung maturity
in a group of fetuses at risk of preterm delivery and identify which
factors may predispose to this abnormal response.
Methods
Study design and study population
This was a retrospective, multicenter, cohort study. Clinical
records of all consecutive women admitted for threatened preterm
labor (PTL) to the Department of Obstetrics of the University
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Reproductive Science, University of Naples Federico II (Naples,
Italy) from January 2009 to December 2014 were collected in a
dedicated merged database.
All charts recorded in the database were reviewed. All variables
reported were collected for all the subjects included in the study.
All patients were aged 18 or above and submitted to BMT
administration for fetal lung maturity between 26 and 34 weeks of
gestation. In this group, two doses of BMT 12 mg were adminis-
tered intramuscularly 24 hours (h)apart as recommended [1].
Threatened PTL was deﬁned by the presence of regular uterine
contractions (2–3 every 10 min) associated with early cervical
changes at clinical examination (effacement and/or dilatation
>1cm). As per internal protocol of the Centres involved, tocolysis
was administered in all women submitted to RDS prophylaxis for
threatened PTL. Cervical length measurement at transvaginal
ultrasound or result of the ﬁbronectin test were not considered for
the purpose of this study.
Exclusion criteria were multiple pregnancy, congenital anoma-
lies, intrauterine growth restriction (IUGR), deﬁned by abdominal
circumference (AC) or ultrasound estimated fetal weight (EFW)
<10th centile with or without umbilical artery Doppler pulsatility
index >95th percentile, any preexisting medical condition
including hypertensive disorders, chronic drug consumption and
diabetes mellitus or gestational diabetes, abnormal CTG and/or
cCTG on admission and delivery within 72 h from steroids
administration. Women with premature rupture of membranes
(PROM) and antepartum haemorrhage (APH) were also excluded.
Management
All women included in the study received daily cCTG assessing
fetal heart rate and STV starting from admission. Algorithm for
cCTG were based on Dawes/Redman antepartum CTG analysis by
using Sonicaid (Sonicaid Obstetric Solutions, Huntleigh) [8,9]. The
recordings were at least 45 min in duration. STV values were
recorded for each assessment. cCTGs were performed on a daily
basis in the morning. We considered “day 1 cCTG” only those
performed at least 12 h after BMT administration.
The study cohort was divided in two groups according to the
STV ﬁndings: group A (cases) showed persistently reduced STV
deﬁned by values below the 5th percentile for gestational age [10]
following BMT administration and lasting up to 72 h after the 1st
dose; group B (controls) STV >5th percentile after the administra-
tion of BMT or <5th percentile for less than 72 h after ﬁrst dose.
Ultrasound assessment of fetal weight was performed in all
cases within 3 days from admission and accordingly to the local
reference charts [11].
Outcomes
A comparison of demographics, clinical characteristics and
pregnancy outcomes was performed between cases with persis-
tently reduced vs those with normal STV following BMT
administration. Due to its retrospective design, the study did
not affect the clinical management of the patients, which was
based upon the judgement of the attending physician. As this was a
retrospective analysis of routinely collected anonymized clinical
data, no ethical committee approval was necessary according to
national regulations.
The primary outcome was mean EFW at ultrasound. Secondary
outcomes were mean birthweight in grams, prevalence of small for
gestational age (SGA) at birth, gestational age at delivery, mode of
delivery. SGA neonates were deﬁned as those whose birthweight
was below the 10th centile according to the national neonatalcharts [12]. Neonatal outcomes, including Apgar score at 5 min,
umbilical artery pH and base excess at delivery were also recorded.
Statistical analysis
Statistical analysis was performed using Statistical Package for
Social Sciences (SPSS) v. 19.0 (IBM Inc., Armonk, NY, USA). Data
were shown as mean  standard deviation or as number (percent-
age). Categorical variables were compared using the Chi-square or
Fisher exact test. Between-group comparison of continuous
variables was undertaken using T-test for parametric analysis.
Standardized scores were created to assess Z-score for birth weight
and ultrasound EFW.
Two sided p-values were calculated and p values <0.05 were
considered as statistically signiﬁcant. The study was performed
following the STROBE guidelines [13].
Results
Over the study period, 4120 women were admitted between 26
and 34 weeks for PTL and received prophylactic BMT. Of them, 405
(9.8%) met the inclusion criteria and were included in the study
(Fig. 1).
Mean gestational age at admission and at delivery was
31.5  2.4 weeks and 36.2  3.1 weeks, respectively. Overall, 33
fetuses (8.1%) showed STV below the 5th centile following BMT
administration and lasting up to 72 h whereas 372 had normal or
temporarily reduced STV <5th percentile lasting <72 h. No
signiﬁcant differences were noted in terms of maternal demo-
graphics between the two groups (Table 1).
Women with persistently reduced STV following BMT admin-
istration had signiﬁcantly lower EFW and EFW Z-score on
admission (1472 + 435 vs 1812 + 532 g, p 0.04 and 0.002  0.411
vs 0.401 0.612, p 0.04, respectively) and lower birthweight and
birthweight Z-score (2353 + 635 vs 2857 + 796 g, p < 0.01 and
0.463  0.470 vs 0.103  0.315, p 0.03, respectively) compared
with those with normal STV showed. The incidence of SGA at birth
was signiﬁcantly higher (18.2% vs 7.8%, p 0.04) and the gestational
age at delivery was lower (35.1 + 4.2 vs 37.3 + 2.4, p < 0.01) among
fetuses who showed persistently reduced STV following steroids
administration (Table 2).
Discussion
Our study conﬁrmed that a reduced STV is observed at cCTG in a
small proportion of fetuses (8.1%) following antenatal BMT
administration for fetal lung maturity. Interestingly, despite all
fetuses of this series were of appropriate size for gestational age at
inclusion, those who presented the reduced STV following steroids
appeared signiﬁcantly smaller than those with normal STV. In
addition, pregnancy outcome appeared to be different in those
with reduced STV after steroids compared to controls, as they were
delivered a couple of weeks earlier and had a smaller birthweight
and a higher incidence of SGA neonates.
The transient depressive effect of antenatal betamethasone on
fetal heart rate variability has been largely documented [3–7].
Available data have shown that a decrease in the STV within 72 h
from the ﬁrst dose is not related to acid–base changes [14] but
might be due to a direct effect of betamethasone on glucocorticoid
receptors. Such receptors are believed to be present in the
brainstem and other areas of the human brain involved in the
control of the fetal heart activity [4,5,15,16].
The STV reduction due to BMT administration seems to be
inversely related to the gestational age at steroids administration
[14,17]. In our group of fetuses with reduced STV the gestational
age at BMT exposure was not different compared with those with
Fig. 1. Flow chart (according to STROBE guidelines) for inclusion of cases. BMT, Bethametasone; HDP, hypertensive disorder of the pregnancy; DM, diabetes mellitus; SGA, small for
gestational age; IUGR, intrauterine growth restriction; PPROM, premature preterm rupture of the membranes; APH, antepartum haemorrhage; CTG, cardiotocography.
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smaller weight noted in the former group.
This observation leads us to speculate that the depressive effect
of BMT on fetal brain may be favored in cases of slightly reduced
placental reserve. As recently proposed, early stage placental
insufﬁciency does not lead to fetal smallness but may inducerelevant haemodynamic changes. More in details, fetal biometry at
ultrasound may remain within the normal range but the weight
percentile is smaller compared to previous measurements and
blood ﬂow redistribution may be noted [18]. Recently, a reduced
cerebroplacental ratio has been described during the third
trimester in normal sized fetuses with subtle placental
Table 2
Primary and secondary outcomes.
STV < 5th percentilea
N = 33
Normal STV
N = 372
p-value
EFW 1472  435 1812  532 0.04
EFW Z-score 0.002  0.411 0.401  0.612 0.04
Birthweight 2353  635 2857  796 < 0.01
Birthweight Z-score 0.463  0.470 0.103  0.315 0.03
GA at delivery 35.1  4.2 37.3  2.4 < 0.01
Mode of delivery
SVD 18 (54.5%) 222 (59.7%) 0.74
OVD 1 (3.1%) 6 (1.6%)
CD 14 (42.4%) 144 (38.7%)
Vaginal delivery n = 19 n = 228 0.53
Spontaneous onset 16 (84.2%) 178 (78.1%)
Induction of labor 3 (15.8%) 50 (21.9%)
CD n = 14 n = 144 0.29
Planned 11 (78.6%) 93 (65.6%)
Emergency 3 (21.4%) 51 (34.4%)
SGA 6 (18.2%) 29 (7.8%) 0.04
APGAR at 5 min 9.0  0.4 9.0  0.6 0.95
Umbilical artery pH 7.23  0.04 7.28  0.08 0.06
Base excess 5.8  1.2 5.5  2.0 0.21
Data presented as number (percentage) or as mean  standard deviation. Boldface
data, statistically signiﬁcant.
GA, gestational age; EFW, ultrasound estimated fetal weight; SVD, spontaneous
vaginal delivery; OVD, operative vaginal delivery; CD, cesarean delivery; SGA, small
for gestational age.
Primary and secondary outcomes in cases with reduced short-term variability (STV)
after bethametasone administration and controls with normal STV.
a According to Snijders et al., Fetal Diagn Ther 1990 [10].
Table 1
Characteristics of the included women (n = 405).
STV <5th percentile
N = 33
Normal STV
N = 372
p-value
Age 32.8  4.9 33.6  5.3 0.22
BMI 24.3  2.6 24.9  3.1 0.37
Ethnicity
Caucasian 25 (75.8%) 301 (80.9%) 0.13
Non-Caucasian 8 (24.2%) 71 (19.1%)
Nulliparous 13 (39.4%) 143 (38.4%) 0.74
GA at admission 31.8  4.2 31.2  3.4 0.81
STV
Before steroids 11.2  1.1 11.4  3.2 0.61
24 h 6.3  2.2 9.8  3.1 <0.01
48 h 4.4  1.4 8.8  2.7 <0.01
72 h 6.1  3.1 8.7  3.3 0.03
Data are presented as number (percentage) or as mean  standard deviation.
Boldface data, statistically signiﬁcant.
GA, gestational age; STV, short-term variability; BMI, body mass index.
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signiﬁcantly higher [19,20]. Some Authors previously described a
higher frequency of reduced STV after BMT in fetuses with cerebral
vasodilatation at Doppler ultrasound [21]. Unfortunately, in our
study group the fetal cerebral ﬂow was not assessed and we are
unable to conﬁrm if Doppler ﬁndings witnessed blood ﬂow
redistribution and reduced placental reserve in those fetuses with
reduced STV, whose weight percentile was in the lower range of
normality.
On the other hand, in the same group of fetuses with transiently
depressed STV after steroids, a signiﬁcantly lower birthweight and
a higher incidence of SGA neonates was noted. This may lead us to
envisage that the abnormal CNS response at steroids could be
looked not as an incidental ﬁnding but as an early sign of reduced
placental reserve in apparently normal sized fetuses and, at the
same time, as a useful predictor of late onset placental dysfunction
and lower birthweight requiring a modiﬁed obstetric manage-
ment.On this basis, we suggest that whenever an apparently
appropriately grown fetus exposed to BMT exhibits a transiently
reduced STV a comprehensive maternal and fetal Doppler
ultrasound should be performed in order to spot early signs of
placental dysfunction. Furthermore, we propose that if spontane-
ous preterm delivery does not occur, these fetuses should be
incorporated in a program of intensive antepartum surveillance
since their risk of late onset placental insufﬁciency may be
increased.
Some limitations need to be acknowledged in this study,
including the small number of cases with reduced STV and its
retrospective design. Furthermore, having excluded those patients
with a true threatened PTL who delivered within 72 h from
admission, we could only assess the depressive effects on the fetal
heart rate variability in those fetuses who remained undelivered
and could not generalize our results to all cases exposed to
antenatal steroids. In this study, as widely reported [22], only a
small proportion of patients admitted with PTL actually delivered
shortly following BMT administration. Most women with threat-
ened PTL have minimal cervical dilation on manual exam, and over
60% do not deliver preterm [23]. Finally, the selection of only
normally grown fetuses at inclusion may introduce a bias by the
insufﬁciency of methods to perform this selection and discriminate
between IUGR and non IUGR fetuses. On the other hand, inclusion
of pregnancies complicated by IUGR would introduce a confounder
which may impact on the aim and the results of the study, as
chronic hypoxia per se may be cause of fetal behavioral changes
including a reduced STV at cCTG.
Despite these limitations, we have observed that among
apparently normal sized fetuses a depressive effect of antenatal
steroids is more likely if the weight percentile is in the lower range
and this effect may herald an increased risk for late onset placental
insufﬁciency and lower birthweight. This original ﬁnding is worthy
to be reported and conﬁrmed prospectively in a larger study where
a comprehensive Doppler assessment following antenatal admin-
istration is included.
Disclosure of interests
The authors report no conﬂict of interest.
Contribution to authorship
 Tullio Ghi, Nicola Rizzo: study design
 Tullio Ghi, Andrea Dall’Asta: manuscript writing and editing
 Gabriele Saccone, Federica Bellussi: data collection
 Tiziana Frusca, Pasquale Martinelli, Ganluigi Pilu, Nicola Rizzo:
comments and ﬁnal review of the manuscript
Ethical approval
This is a retrospective analysis of routinely collected and fully
anonymized clinical data and no ethical committee approval was
required according to national regulations.
Funding
No funding was received for this study.
Acknowledgments
None
78 T. Ghi et al. / European Journal of Obstetrics & Gynecology and Reproductive Biology 216 (2017) 74–78References
[1] Royal College of Obstetricians and Gynecologistsy. Antenatal Corticosteroids
to Reduce Neonatal Morbidity and Mortality Green- top Guideline No. 7. 2010
October.
[2] Crowley PA. Antenatal corticosteroid therapy: a meta-analysis of the
randomized trials, 1972 to 1994. Am J Obstet Gynecol 1995;173(July
(1)):322–35.
[3] Katz M, Meizner I, Holcberg G, Mazor M, Hagay ZJ, Insler V. Reduction or
cessation of fetal movements after administration of steroids for enhancement
of lung maturation. I. Clinical evaluation. Isr J Med Sci 1988;24(January(1)):5–
9.
[4] Derks JB, Mulder EJ, Visser GH. The effects of maternal betamethasone
administration on the fetus. Br J Obstet Gynaecol 1995;102(January(1)):40–6.
[5] Mulder EJ, Derks JB, Zonneveld MF, Bruinse HW, Visser GH. Transient reduction
in fetal activity and heart rate variation after maternal betamethasone
administration. Early Hum Dev 1994;36(January(1)):49–60.
[6] Abbasalizadeh S, Pharabar ZN, Abbasalizadeh F, Ghojazadeh M, Goldust M.
Efﬁcacy of betamethasone on the fetal motion and biophysical proﬁle and
amniotic ﬂuid index in preterm fetuses. Pak J Biol Sci 2013;16(November
(22)):1569–73.
[7] Verdurmen KM, Renckens J, van Laar JO, Oei SG. The inﬂuence of corticoste-
roids on fetal heart rate variability: a systematic review of the literature.
Obstet Gynecol Surv 2013 Dec;68(12):811–24.
[8] Dawes GS, Lobb M, Moulden M, Redman CW, Wheeler T. Antenatal
cardiotocogram quality and interpretation using computers. BJOG 2014;
(Suppl 7)2–8 December 121.
[9] Dawes GS, Moulden M, Redman CW. Computerized analysis of antepartum
fetal heart rate. Am J Obstet Gynecol. 1995 Oct;173(4):1353–4.
[10] Snijders RJ, McLaren R, Nicolaides KH. Computer-assisted analysis of fetal
heart rate patterns at 20–41 weeks’ gestation. Fetal Diagn Ther 1990;5:79–83.
[11] Paladini D, Rustico M, Viora E, Giani U, Bruzzese D. Campogrande M, et al. Fetal
size charts for the Italian population. Normative curves of head, abdomen and
long bones. Prenat Diagn. 2005;25(June(6)):456–64.
[12] Bertino E, Spada E, Occhi L, Coscia A, Giuliani F, Gagliardi L, et al. Neonatal
anthropometric charts: the Italian neonatal study compared with otherEuropean studies. J Pediatr Gastroenterol Nutr 2010;51(September(3)):353–
61.
[13] Von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC. Vandenbroucke JP for
the STROBE Initiative. The strengthening the reporting of the observational
studies in Epidemiology (STROBE) statement: guidelines for reporting
observational studies. Lancet 2007;370:1453–7.
[14] Shenhav S, Volodarsky M, Anteby EY, Gemer O. Fetal acid-base balance after
betamethasone administration: relation to fetal heart rate variability. Arch
Gynecol Obstet 2008;278(October(4)):333–6.
[15] Mulder EJ, Koenen SV, Blom I, Visser GH. The effects of antenatal
betamethasone administration on fetal heart rate and behaviour depend on
gestational age. Early Hum Dev. 2004;76(January(1)):65–77.
[16] Mulder EJH, Derks JB, Visser GHA. Antenatal corticosteroid therapy and fetal
behavior: a randomised study of the effects of betamethasone and
dexamethasone. Br J Obstet Gynaecol 1997;104:1239 12–47.
[17] Lunshof MS, Boer K, Wolf H, Koppen S, Velderman JK, Mulder EJ. Short-term
(0–48 h) effects of maternal betamethasone administration on fetal heart rate
and its variability. Pediatr Res 2005;57(April(4)):545–9.
[18] Khalil A, Thilaganathan B. Role of uteroplacental and fetal Doppler in
identifying fetal growth restriction at term. Best Pract Res Clin Obstet
Gynaecol. 2017;38(January):38–47.
[19] Khalil AA, Morales-Rosello J, Morlando M, Hannan H, Bhide A, Papageorghiou
A, Thilaganathan B. Is fetal cerebroplacental ratio an independent predictor of
intrapartum fetal compromise and neonatal unit admission? Am J Obstet
Gynecol. 2015;213(July(1):54):e1–10.
[20] Prior T, Mullins E, Bennett P, Kumar S. Prediction of intrapartum fetal
compromise using the cerebroumbilical ratio: a prospective observational
study. Am J Obstet Gynecol. 2013;208(February(2):124):e1–6.
[21] Frusca T, Soregaroli M, Valcamonico A, Scalvi L, Bonera R, Bianchi U. Effect of
betamethasone on computerized cardiotocographic parameters in preterm
growth-restricted fetuses with and without cerebral vasodilation. Gynecol
Obstet Invest. 2001;52(3):194–7.
[22] Fuchs F, Audibert F, Senat MV. Prenatal corticosteroids: short-term and long-
term effects of multiple courses. Literature review in 2013. J Gynecol Obstet
(Paris) 2014;43(March(3)):211–7.
[23] Berghella V. Best management of threatened preterm labour – how to
implement the evidence into practice. BJOG 2010 Oct;117(11):1313–5.
